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(57) ABSTRACT

A circuit for controlling a programmable power converter is
provided. The circuit comprises a control circuit, a switching
controller, and a first opto-coupler. The control circuit gener-
ates a programmable voltage-reference signal for regulating
an output voltage of the programmable power converter. A
feedback circuit of the control circuit detects the output volt-
age for generating a feedback signal in response to the pro-
grammable voltage-reference signal and the output voltage.
The switching controller detects a switching current of a
transformer for generating a switching signal coupled to
switch the transformer for generating the output voltage and
an output current in response to the feedback signal and the
switching current of the transformer. The first opto-coupler
transfers the feedback signal from the control circuit to the
switching controller. The control circuit is at the secondary
side of the transformer and the switching controller is at the
primary side of the transformer.

15 Claims, 8 Drawing Sheets

Y

~30

~100
-
51, s
t AVAVAP // °
........ . i
AT ITF Crtpotor] ED
Sy [ " VEE
[ AWy SX COMV|g
ol =N L d 5551
o V' 61 . o’
v /Sx ’ L
g0 ; TN

,‘:‘i.,;



US 9,343,982 B2

Sheet 1 of 8

May 17, 2016

U.S. Patent

L Old

O e 04
W v 2O AR a4 \\ ” > ,

0E~ —
% //m @W
S B )7 ® -
f//zsgss Of Lﬂs\ A mw_ YN OA m,mwmw
i - T . . & 4
A \\ °N LYY M FYY)
ol |

sz\/



US 9,343,982 B2

Sheet 2 of 8

May 17, 2016

U.S. Patent

H

H

H

H

”

1

-5 i\\\ s

“

ot w

_/ |

OA ”

o § mﬂhﬂh& o> ”

= J “

e 98 ”

LJ s

i = 1

1

“ \,.s_o.\.xwi\ O e . .

“ , % D “

” J: LNDG ) N

[l i

_ 3 J ”

PR (Y & ) Gh :
P

H

H

H

H

1]

N o

L[:L)
e
-
o
-

\.
O
<
£
&
O
i
¥
A N

%\\_

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

e 1\ oVQ i DT g 7 iiﬂ&iﬁ %




U.S. Patent May 17, 2016 Sheet 3 of 8 US 9,343,982 B2
210
{
VF——————{ ErorAm plifier % Vre
VRY i Circuit - ooy
/f250
00
Y P <0
R — )
Protection
Don e B Circuit e 5
TN i

FIG. 3




U.S. Patent May 17, 2016 Sheet 4 of 8 US 9,343,982 B2

Vo

s
VOVM 1 971 !
g“““@ i (VO -/

VT T 256~ | 257 i

s > |

; |

280 __E i ‘

: //“Tom Ne-s-rs 0 2?2«/)
Timer “@““““D__QR
L= i |

i | 252 253 :

: RST |

SoNT by \\ l
| 251 |
--__....‘.‘...............----*_,.,..............._----_*“,...................----ww,{,...............’
250

B T our
: i E
: ./ TN
CLR— | 285

..................................................



US 9,343,982 B2

=
0
T

s

Sheet 5 of 8

May 17, 2016

U.S. Patent

2

N

Mg~

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll



US 9,343,982 B2

Sheet 6 of 8

May 17, 2016

U.S. Patent

anie—~ NS0

-
51d~/

09g-

A AU U ) R |

YA

4|

440



US 9,343,982 B2

Sheet 7 of 8

May 17, 2016

U.S. Patent

Lo

HoJsuig

mea\

9
En )

T aewiy,

olet QN@.\\

) :amiJ \\\XMEEL&P

f!s_z 4 uz%/

A

=HAB0OHT Ndd




U.S. Patent May 17, 2016 Sheet 8 of 8 US 9,343,982 B2

smne L L0

FIG. 11

Sx 1} : :
S U S

Tewlt = Ta

SLP

PSET 5 i i l
' ' =—Tor ' ie-Tov—

PRT __| A
FIG. 12




US 9,343,982 B2

1
PRIMARY-SIDE CONTROLLED
PROGRAMMABLE POWER CONVERTER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/749,981, filed on Jan. 8, 2013, the con-
tents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a programmable power
converter; more specifically, the present invention relates to a
primary-side controlled programmable power converter.

2. Description of the Related Art

Manufacturers of today’s power converters for mobile
devices, such as notebooks, cellular phones, and tablet com-
puters, provide various designs to supply those mobile
devices with different voltage and current characteristics.
Therefore, users with multiple mobile devices are often
required to carry all of those power converters for providing
power to each individual mobile device, which becomes a
burden for the users who often carry those devices with them.
Accordingly, a need for a power converter to resolve this
inconvenience is a programmable capability to supply a wide
range of an output voltage and an output current, such as
5V~20V and 0.5 A~5 A. The electrical characteristics can be
selected by the users to determine which portable device will
be powered. However, programmable power converters are
generally difficult to achieve good performances, e.g. high
efficiency, fast loop response, and good loop stability, etc. The
objective of the present invention is to solve the aforemen-
tioned problem and achieve fast loop response with good loop
stability and high efficiency for programmable power con-
verters.

BRIEF SUMMARY OF THE INVENTION

The objective of the present invention is to solve the afore-
mentioned problem and achieve fast loop response with good
loop stability and high efficiency for programmable power
converters.

The present invention provides a circuit for controlling a
programmable power converter. The circuit comprises a con-
trol circuit, a switching controller, a first opto-coupler, and a
second opto-coupler. The control circuit generates a program-
mable voltage-reference signal for regulating an output volt-
age of the programmable power converter. The control circuit
comprises a feedback circuit. The feedback circuit is coupled
to detect the output voltage for generating a feedback signal in
response to the programmable voltage-reference signal and
the output voltage. The switching controller is coupled to
detect a switching current of a transformer for generating a
switching signal coupled to switch the transformer for gen-
erating the output voltage and an output current in response to
the feedback signal and the switching current of the trans-
former. The first opto-coupler is coupled to transfer the feed-
back signal from the control circuit to the switching control-
ler. The control circuit is at the secondary side of the
transformer, and the switching controller is at the primary
side of the transformer. The control circuit has a communi-
cation interface for communicating with external devices.
The switching controller is coupled to detect a reflected signal
of the transformer for regulating the output current of the
power converter in response to a demagnetizing time of the
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transformer. The switching controller is coupled to detect a
reflected signal for performing an over-voltage protection in
the switching controller. The second opto-coupler transfers a
control signal of the control circuit to the switching controller.

The control circuit further comprises a digital-to-analog
converter, a micro-controller, and an analog-to-digital con-
verter. The digital-to-analog converter generates a program-
mable over-voltage threshold for performing an over-voltage
protection in the control circuit. The feedback circuit com-
prises an over-voltage protection circuit. The over-voltage
protection circuit is coupled to generate the control signal by
comparing the output voltage and the programmable over-
voltage threshold. The programmable over-voltage threshold
will be reset to a minimum value whenever the programmable
power converter is powered on. The control signal is coupled
to generate an over-voltage signal for disabling the switching
signal.

The micro-controller programs the programmable voltage-
reference signal and the control signal. The control signal is
coupled to control the switching controller via the second
opto-coupler. The feedback circuit further comprises a watch-
dog timer. The watch-dog timer is coupled to receive a con-
trolling signal from the micro-controller. The watch-dog
timer will generate an expired signal if the controlling signal
is not generated in time periodically. The programmable over-
voltage threshold will be reset to an initial value in response
to the expired signal. The analog-to-digital converter is
coupled to detect the output voltage of the programmable
power converter. An output of the analog-to-digital converter
is coupled to the micro-controller. The micro-controller has a
memory circuit including a program memory and a data
memory. The control circuit generates the control signal
coupled to program an over-voltage threshold in the switch-
ing controller for an over-voltage protection of the output
voltage of the programmable power converter. The control
circuit generates the control signal coupled to control a cur-
rent limit threshold in the switching controller for regulating
the output current of the programmable power converter. The
current limit threshold and the over-voltage threshold signal
will be reset to respective initial values whenever the pro-
grammable power converter is powered on. The current limit
threshold and the over-voltage threshold signal will be reset to
respective minimums values if the control signal is not gen-
erated in time. The control signal is modulated by pulse
position modulation. The programmable voltage-reference
signal will be reset to its initial value whenever the program-
mable power converter is powered on.

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the
subsequent detailed description and examples with refer-
ences made to the accompanying drawings, wherein:

FIG. 1 shows an exemplary embodiment of a primary-side
controlled programmable power converter according to the
present invention;

FIG. 2 shows an exemplary embodiment of a control circuit
of the primary-side controlled programmable power con-
verter according to the present invention;

FIG. 3 shows a block schematic of an exemplary embodi-
ment of a feedback circuit of the control circuit according to
the present invention;

FIG. 4 shows an exemplary embodiment of an error-am-
plifier circuit of the feedback circuit according to the present
invention;
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FIG. 5 shows an exemplary embodiment of a protection
circuit of the feedback circuit according to the present inven-
tion;

FIG. 6 shows an exemplary embodiment of a timer of the
protection circuit according to the present invention;

FIG. 7 shows an exemplary embodiment of a switching
controller of the primary-side controlled programmable
power converter according to the present invention;

FIG. 8 shows a circuit schematic of an exemplary embodi-
ment of a PWM circuit of the switching controller according
to the present invention;

FIG. 9 shows an exemplary embodiment of a program-
mable circuit of the switching controller according to the
present invention;

FIG. 10 shows an exemplary embodiment of a pulse-posi-
tion modulation circuit of the programmable circuit accord-
ing to the present invention;

FIG. 11 shows waveforms of control signals, a slope signal,
a synchronous signal, a data signal, and a demodulated signal;
and

FIG. 12 shows waveforms of control signals, a reset signal,
and a protection signal.

DETAILED DESCRIPTION OF THE INVENTION

The following description is of the best-contemplated
mode of carrying out the invention. This description is made
for the purpose of illustrating the general principles of the
invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims.

The present invention provides a control circuit for con-
trolling a primary-side controlled programmable power con-
verter. A programmable power converter can provide a wide
range of an output voltage V , and an output current I ,, such
as 5V~20V and 0.5 A~5 A. In general, it would be difficult to
develop a cost effective solution and achieve good protec-
tions, such as over-voltage protection and current-limit pro-
tection, for the primary-side controlled programmable power
converters. The objective of the present invention is to solve
this problem for achieving low cost and good performance for
primary-side controlled programmable power converters.

FIG. 1 shows an exemplary embodiment of a primary-side
controlled programmable power converter according to the
present invention. The power converter comprises a trans-
former 10, a voltage divider, a switching controller 300, a
power switch 20, a sense resistor 25, a rectifier 30, output
capacitors 40 and 45, a control circuit 100, a capacitor 70,
resistors 51 and 61, a first opto-coupler 50, and a second
opto-coupler 60. The transformer 10 has a primary winding
N, a secondary winding N, and an auxiliary winding N ,.
The voltage divider is formed by resistors 15 and 16. The
control circuit 100 is coupled to detect an output voltage V,
of the power converter for developing a feedback loop. The
control circuit 100 generates a feedback signal V .z coupled to
the switching controller 300 via the first opto-coupler 50 for
regulating the output voltage V. The capacitor 70 is applied
to compensate a voltage feedback loop for regulating the
output voltage V. The control circuit 100 further generates a
control signal S, coupled to control the switching controller
300 via the second opto-coupler 60. The control signal S, is
used for programming parameters of the switching controller
300 and for providing protection ability. The resistor 51 is
utilized to bias the first opto-coupler 50 for generating an
operating current. The resistor 61 is applied to limit an oper-
ating current of the second opto-coupler 60. The control cir-
cuit 100 includes a communication interface ITF, (e.g. USB-
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PD, IEEE UPAMD 1823, one-wire communication, etc.) for
communicating with an external device (ED) 75 which can be
mobile phone, tablet-PC, Notebook-PC, and etc.

The first opto-coupler 50 will generate a feedback signal
V in response to the feedback signal V5. The second opto-
couplers 60 will generate a control signal Sy-in response to the
control signal S;. The switching controller 300 generates a
switching signal S, for switching the primary winding N, of
the transformer 10 and generating the output voltage V , and
the output current I, by the secondary winding N of the
transformer 10 through the rectifier 30 and the output capaci-
tor 40. The transformer 10 further produces a reflected signal
V coupled to the switching controller 300 at a joint of the
voltage divider. The sense resistor 25 is coupled to sense a
switching current of the transformer 10 for generating a cur-
rent signal V - coupled to the switching controller 300. The
switching controller 300 generates the switching signal S;.in
response to the feedback signal V, the control signal S, the
reflected signal Vg, and the current signal V . The control
circuit 100 is at the secondary side of the transformer 10. The
switching controller 300 is at the primary side of the trans-
former 10.

FIG. 2 shows an exemplary embodiment of the control
circuit 100 of the primary-side controlled programmable
power converter according to the present invention. The con-
trol circuit 100 comprises a micro-controller (MCU) 80, a
voltage divider formed by resistors 86 and 87, registers
(REG) 81 and 82, digital-to-analog converters (DAC) 91 and
92, an analog-to-digital converter (ADC) 95, and a feedback
circuit 200. The micro-controller 80 has a memory circuit 85
including a program memory and a data memory. The micro-
controller 80 generates a controlling signal S, and a bus
signal Nz. The bus signal Ny is bi-directional (input/output).
The micro-controller 80 is coupled to the communication
interface ITF to communicate with the external device 75.
The bus signal N is coupled to control the analog-to-digital
converter 95 and the digital-to-analog converters 91 and 92.
The digital-to-analog converters 91 and 92 are controlled by
the bus signal N generated from the micro-controller 80 via
the registers 81 and 82, respectively.

The voltage divider detects the output voltage V , and gen-
erates a feedback voltage V- in response to the output voltage
V. The feedback voltage V. is coupled to the analog-to-
digital converter 95. Therefore, via the bus signal N, the
micro-controller 80 can read the information of the output
voltage V,. The micro-controller 80 controls the outputs of
the digital-to-analog converters 91 and 92. The digital-to-
analog converter 91 generates a voltage-reference signal V-
for controlling the output voltage V,. The digital-to-analog
converter 92 generates an over-voltage threshold V- for an
over-voltage protection of the power converter. The voltage-
reference signal V- and the over-voltage threshold V,, are
programmable. The over-voltage threshold V ;- will be reset
to an initial value whenever the control converter is powered
on. The micro-controller 80 will control the over-voltage
threshold V ;- in response to the level of the output voltage
V. The registers 81 and 82 will be reset to an initial value
whenever the control circuit 100 is powered on. For example,
the initial value of the register 81 will produce a minimum
value of the voltage-reference signal V. to generate a 5V
output voltage V .

The feedback circuit 200 generates a voltage-feedback sig-
nal S ;7 the feedback signal V., and the control signal Sy
in response to the voltage-reference signal V,, the over-
voltage threshold V., the output voltage V ,, the feedback
voltage V., the controlling signal S -, and the bus signal N 5.
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FIG. 3 shows a block schematic of an exemplary embodi-
ment of the feedback circuit 200 of the control circuit accord-
ing to the present invention. The feedback circuit 200
includes an error-amplifier circuit 210 and a protection circuit
250. The error-amplifier circuit 210 generates the voltage-
feedback signal S -,,;-and the feedback signal V . in accor-
dance with the voltage-reference signal V,-and the feedback
voltage V. The protection circuit 250 generates the control
signal S, in response to the over-voltage threshold V,,, the
output voltage V,, the controlling signal S, and the bus
signal N. Accordingly, the micro-controller 80 can program
the control signal S, through the controlling signal S

FIG. 4 shows an exemplary embodiment of the error-am-
plifier circuit 210 of the feedback circuit 200 according to the
present invention. The error amplifier circuit 210 generates
the voltage-feedback signal S, in response to the feed-
back voltage V. and the voltage-reference signal V. The
voltage-feedback signal S -, ;-1 coupled to the capacitor 70
for the loop-compensation. The voltage-feedback signal
S coar-1s further coupled to a buffer (OD) 245 to generate the
feedback signal V5. The output of the buffer 245 is an
open-drain type.

FIG. 5 shows an exemplary embodiment of the protection
circuit 250 of the feedback circuit 200 according to the
present invention. The protection circuit 250 comprises a
multiplexer (MUX) 260, a timer 280, an inverter 251, a com-
parator 265, transistors 271 and 272, an AND gate 252, a
flip-flop 253, and a voltage divider formed by resistors 256
and 257. Via the inverter 251, the controlling signal S, 1s
coupled to generate an input signal CLR to clear the timer 280
which is a watchdog timer. The timer 280 will generate an
expired signal T, if the controlling signal S -,-1s not gen-
erated periodically. The expired signal T ,,-and a power-on-
reset signal RST are coupled to reset the flip-flop 253 through
the AND gate 252. The flip-flop 253 is set by the micro-
controller 80 through the bus signal N;. The over-voltage
threshold V ,;-and a threshold V ;. are coupled to the compara-
tor 265 via the multiplexer 260. The multiplexer 260 is con-
trolled by the flip-flop 253. When the flip-flop 253 is set, the
over-voltage threshold V,, will be coupled to a negative
terminal of the comparator 265. Ifthe flip-flop 253 is reset, the
threshold V. will be coupled to the negative terminal of the
comparator 265 for the over-voltage protection. The output
voltage V, is attenuated by the voltage divider formed by the
resistors 256 and 257 to be an attenuated output voltage V',,.
The attenuated output voltage V', is coupled to a positive
terminal of the comparator 265. The comparator 265, the
transistor 271, and the voltage divider formed by the resistors
256 and 257 develop an over-voltage protection circuit. The
threshold V; is a minimum threshold for performing over-
voltage protection. The over-voltage threshold V- of the
over-voltage protection is programmable by the micro-con-
troller 80. This over-voltage threshold V ,, will be reset as its
minimum value if the controlling signal S .,,,-is not generated
in time periodically. In one embodiment of the present inven-
tion, the over-voltage threshold V ;- will be programmed to
14V fora 12V output voltage V ,, and the over-voltage thresh-
old V 5, will be programmed to 6V for a 5V output voltage
V. If the controlling signal S, is not generated by the
micro-controller 80 timely, the over-voltage threshold V ;-
will be reset to 6V even the output voltage V , is set at 12V,
which will protect the power converter from abnormal opera-
tion when the micro-controller 80 is operated incorrectly. An
output of the comparator 265 drives the transistor 271 for
generating the control signal S,. The controlling signal S+
also drives the transistor 272 to generate the control signal S .
The drains of the transistors 271 and 272 are connected
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together to generate the control signal S;. Thus, the control
signal S, is used for protecting the programmable power
converter and controlling the switching controller 300

FIG. 6 shows an exemplary embodiment of the timer 280 of
the protection circuit 250 according to the present invention.
The timer 280 functions as a watch-dog timer. The timer 280
comprises an inverter 281, a transistor 282, a current source
283, a capacitor 285, and a comparator 290. The constant
current source 283 is utilized to charge the capacitor 285. The
input signal CLR supplied to an reset input of the timer 280
discharges the capacitor 285 via the inverter 281 and the
transistor 282. If the capacitor 285 is not completely dis-
charged by the input signal CLR timely, the comparator 290
will generate the expired signal T ,,~when the voltage across
the capacitor 285 is higher than a threshold V .

FIG. 7 shows an exemplary embodiment of the switching
controller 300 of the primary-side controlled programmable
power converter according to the present invention. The
switching controller 300 comprises a voltage detection circuit
(V_DET) 310, a current detection circuit (I_DET) 320, a
comparator 315, an error amplifier 325, an OR gate 331, a
capacitor 326, a PWM circuit (PWM) 350, a programmable
circuit 400, a transistor 336, and resistors 335, 337, and 338.
The voltage detection circuit 310 generates a voltage-loop
signal V-, and a discharge-time signal T, in response to the
reflected signal V5. The voltage-loop signal V-, is correlated
to the output voltage V. The discharge-time signal T, is
correlated to the demagnetizing time of the transformer 10.
The current detection circuit 320 generates a current-loop
signal I, in response to the current signal V¢ and the dis-
charge-time signal T . The voltage detection circuit 310 and
the current detection circuit 320 are related to the technology
of the primary side regulation (PSR) of the power converter.
The detail of the skill of the primary side regulation can be
found in the prior arts of U.S. Pat. No. 6,977,824 titled “Con-
trol circuit for controlling output current at the primary side of
a power converter”, U.S. Pat. No. 7,016,204 titled “Close-
loop PWM controller for primary-side controlled power con-
verters”, and U.S. Pat. No. 7,352,595 titled “Primary-side
controlled switching regulator”, etc.

The voltage-loop signal V., is coupled to the comparator
315 for generating an over-voltage signal OV when the mag-
nitude of the voltage-loop signal V, is higher than that of a
reference signal REF_V. The reference signal REF_V is also
an over-voltage threshold. The current-loop signal I, is
coupledto the error amplifier 325. The current-loop signal I o,
associated with a reference signal REF_I generates a current
feedback signal 1. through the error amplifier 325. The ref-
erence signal REF_I is also a current limit threshold. The
capacitor 326 is coupled to the current feedback signal I - for
the loop compensation. The programmable circuit 400 is
coupled to generate the reference signals REF_V and REF_I
and a protection signal PRT in response to the control signal
Syand the power-on reset signal RST. The reference signals
REF_V and REF_I will be reset to their respective initial
values whenever the programmable power converter is pow-
ered on. The reference signal REF_V is operated as an over-
voltage threshold for the over-voltage protection. This over-
voltage protection is functioned via the detection of the
reflected signal V5. The reference signal REF_1is operated as
a current reference signal for regulating the output current I,
of the power converter.

The protection signal PRT and the over-voltage signal OV
are supplied to the OR gate 331 to generate an off signal OFF.
The resistor 335 is utilized to pull high the feedback signal
V5. The feedback signal V is coupled to generate a second-
ary feedback signal V, through the transistor 336 and the
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resistors 337 and 338. The PWM circuit 350 generates the
switching signal Sy, in response to the secondary feedback
signal V , the current feedback signal Iz, the off signal OFF,
and the power-on reset signal RST.

FIG. 8 shows a circuit schematic of an exemplary embodi-
ment of the PWM circuit 350 of the switching controller 300
according to the present invention. The PWM circuit 350
comprises an oscillator 360 (OSC), comparators 365 and 367,
an inverter 351, an AND gate 370, and a flip-flop 375. The
oscillator 360 generates a clock signal PLS and a ramp signal
RMP. The clock signal PLS periodically enables the switch-
ing signal Sy, via the flip-flop 375. The switching signal S,
will be disabled once the ramp signal RMP is higher than the
current feedback signal I.. Or, the switching signal S, will
be also disabled once the ramp signal RMP is higher than the
secondary feedback signal V. The off signal OFF is also
coupled to disable the switching signal S;, through the
inverter 351 and the AND gate 370.

FIG. 9 shows an exemplary embodiment of the program-
mable circuit 400 of the switching controller 300 according to
the present invention. The programmable circuit 400 com-
prises: a current source 410, a comparator 415, a pulse-posi-
tion modulation circuit (PPM) 500, a digital decoder (DE-
CODER) 450, registers (REG) 460 and 465, digital-to-analog
converters (DAC) 470 and 475, adders 480 and 485, inverters
427 and 421, a timer (Timer_L.) 420, a timer (Timer_H) 425,
and an AND gate 426. The current source 410 is connected to
pull high the control signal S;. The comparator 415 will
generate a pulse signal S, ,once the control signal S.is lower
than a threshold V,,. The pulse-position modulation circuit
500 generates a demodulated signal S,, and a synchronous
signal SYNC in response to the pulse signal S, ,derived from
the control signal S;. Accordingly, the control signal Sy is
modulated by pulse position modulation. The demodulated
signal S,, and the synchronous signal SYNC are coupled to
the digital-decoder 450 to generate digital data N, ,. The digi-
tal data N, ,is stored into the register 460 and the register 465.
The register 460 is coupled to the digital-to-analog converter
470 for generating a voltage-adjust signal V ;. The adder 480
generates the reference signal REF_V by adding a reference
signal V. and the voltage-adjust signal V .

The register 465 is coupled to the digital-to-analog con-
verter 475 for generating a current-adjust signal I ;. The adder
485 generates the reference signal REF_I by adding a refer-
ence signal [, and the current-adjust signal I,. Therefore, the
reference signals REF_V and REF_I can be programmed by
the micro-controller 80. The reflected voltage Vs of the trans-
former 10 is used for the over-voltage protection in the
switching controller 300. The threshold of this over-voltage
protection (for output voltage V,,) is programmed by the
control circuit 100 at the secondary side of the transformer 10.
Furthermore, the value of the output current I, can be pro-
grammed by the control circuit 100 at the secondary side of
the transformer 10.

The pulse signal S,,,is further coupled to the timer 420 for
detecting the pulse width of the pulse signal S, The protec-
tion signal PRT will be generated by the timer 420 via the
inverter 421 if'the pulse width of the pulse signal S, exceeds
aperiod T ;- This protection signal PRT is coupled to disable
the switching signal Sy, Since the pulse width of the control
signal S, (and the pulse signal S,;,) will be greater than the
period T ;- when the over-voltage condition of the output
voltage V, is detected by the control circuit 100 at the sec-
ondary side of the transformer 10, the switching signal S,
will be disabled once the over-voltage condition of the output
voltage V, is detected.
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The timer 425 is coupled to receive the pulse signal S,
through the inverter 427. The timer 425 will generate a reset
signal PSET via the AND gate 426 once the pulse width ofthe
pulse signal S, doesn’t exceed a specific period T ;. The
power-on reset signal RST is also coupled to generate the
reset signal PSET through the AND gate 426. The reset signal
PSET is coupled to clear the registers 460 and 465 for reset-
ting the values of the voltage-adjust signal V ;and the current-
adjust signal I, to zero. Therefore, the reference signal
REF_V will be set to a minimum value (V) for the over-
voltage protection once the control signal Sy is not generated
by the control circuit 100 in time periodically. Besides, the
reference signal REF_I will be set to a minimum value (I)
for regulating the output current I , once the control signal S
is not generated by the control circuit 100 in time periodically.
Therefore, if the micro-controller 80 is not operated properly,
the over-voltage threshold REF_V and the current limit
threshold REF_I will be reset to their minimum values,
respectively. Consequently, the control signal S, generated
by the control circuit 100 is used for:

(1) the over-voltage protection when the over-voltage con-
dition is detected in the control circuit 100;

(2) the communication for setting the over-voltage thresh-
old (REF_V) and the current limit threshold (REF_I) in the
switching controller 300;

(3) resetting the timer 420 in the switching controller 300 to
ensure that the control circuit 100 is operated properly, oth-
erwise the over-voltage threshold (REF_V) and the current
limit threshold (current reference signal, REF_I) of the
switching controller 300 will be reset to their respective mini-
mum values for protecting and regulating the power con-
verter.

FIG. 10 shows an exemplary embodiment of the pulse-
position modulation circuit 500 of the programmable circuit
400 according to the present invention. The pulse-position
modulation circuit 500 operates as a de-modulator for an
input signal with pulse-position modulation. The pulse-posi-
tion modulation circuit 500 comprises a transistor 510, a
resistor 511, a current source 512, a capacitor 520, a com-
parator 530, a flip-flop 570, and a pulse generation circuit
580. The current source 512 charges the capacitor 520. The
pulse signal S, ,is coupled to discharge the capacitor 520 via
the transistor 510 and the resistor 511. A slope signal SLP is
thus generated across the capacitor 520. The comparator 530
will generate a data signal S;, with logic-high level once the
slope signal SLP is higher than a threshold V,,. The data
signal S,, will be latched into the flip-flop 570 in response to
the pulse signal S, for generating the demodulated signal
S, The flip-flop 570 is reset by the power-on reset signal
RST. The pulse signal S, is further coupled to generate the
synchronous signal SYNC via the pulse generation circuit
580.

FIG. 11 shows the waveforms of the control signals S ;-and
Sy, the slope signal SLP, the synchronous signal SYNC, the
data signal S,,, and the demodulated signal S,,. The wave-
forms show that the demodulated signal S, is generated in
accordance with the pulse position of the control signal S,.

FIG. 12 shows the waveforms of the control signals S ;-and
S the reset signal PSET, and the protection signal PRT. The
reset signal PSET will be generated if the control signal S is
not generated for longer than the period T ;. The protection
signal PRT will be generated if the pulse width of the control
signal S, is greater than the period T,

While the invention has been described by way of example
and in terms of the preferred embodiments, it is to be under-
stood that the invention is not limited to the disclosed embodi-
ments. On the contrary, it is intended to cover various modi-
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fications and similar arrangements (as would be apparent to
those skilled in the art). Therefore, the scope of the appended
claims should be accorded the broadest interpretation so as to
encompass all such modifications and similar arrangements.

What is claimed is:

1. A circuit for controlling a programmable power con-
verter, comprising:

a control circuit, generating a programmable over-voltage
threshold for performing an over-voltage protection of
an output voltage of said programmable power con-
verter, generating a control signal by comparing said
output voltage and said programmable over-voltage
threshold, and detecting said output voltage for generat-
ing a feedback signal in response to a programmable
voltage-reference signal and said output voltage,
wherein said programmable over-voltage threshold will
be reset to a minimum value whenever said program-
mable power converter is powered on;

a switching controller, coupled to detect a switching cur-
rent of a transformer for generating a switching signal
coupled to switch said transformer for generating said
output voltage and an output current in response to said
feedback signal and said switching current of said trans-
former; and

a first opto-coupler, coupled to transfer said feedback sig-
nal from said control circuit to said switching controller;

wherein said control circuit is at the secondary side of said
transformer, and said switching controller is at the pri-
mary side of said transformer; and

wherein said control circuit has a communication interface
for communicating with external devices.

2. The circuit as claimed in claim 1, wherein said switching
controller is coupled to detect a reflected signal of said trans-
former for regulating said output current of said program-
mable power converter in response to a demagnetizing time of
said transformer.

3. The circuit as claimed in claim 1, wherein said switching
controller is coupled to detect a reflected signal for perform-
ing said over-voltage protection.

4. The circuit as claimed in claim 3, further comprising a
second opto-coupler for transferring said control signal of
said control circuit to said switching controller.

5. The circuit as claimed in claim 4, wherein said control
signal is coupled to generate an over-voltage signal for dis-
abling said switching signal.
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6. The circuit as claimed in claim 4, wherein said control
circuit further comprises:

a micro-controller for programming said programmable

voltage-reference signal and said control signal;
wherein said control signal is coupled to control said
switching controller via said second opto-coupler.

7. The circuit as claimed in claim 6, wherein said control
circuit comprises:

a watch-dog timer, coupled to receive a controlling signal

from said micro-controller;

wherein said watch-dog timer will generate an expired

signal if said controlling signal is not generated in time
periodically; and

wherein said programmable over-voltage threshold will be

reset to a minimum value in response to said expired
signal.

8. The circuit as claimed in claim 6, wherein said control
circuit further comprises:

an analog-to-digital converter, coupled to detect said out-

put voltage of said programmable power converter;
wherein an output of said analog-to-digital converter is
coupled to said micro-controller.

9. The circuit as claimed in claim 6, wherein said micro-
controller has a memory circuit including a program memory
and a data memory.

10. The circuit as claimed in claim 4, wherein said control
circuit generates said control signal coupled to program an
over-voltage threshold in said switching controller for said
over-voltage protection.

11. The circuit as claimed in claim 10, wherein said control
circuit generates said control signal coupled to control a cur-
rent limit threshold in said switching controller for regulating
said output current of said programmable power converter.

12. The circuit as claimed in claim 11, wherein said current
limit threshold and said over-voltage threshold will be reset to
respective minimum values whenever said programmable
power converter is powered on.

13. The circuit as claimed in claim 11, wherein said current
limit threshold and said over-voltage threshold will be reset to
respective minimum values if said control signal is not gen-
erated in time.

14. The circuit as claimed in claim 4, wherein said control
signal is modulated by pulse position modulation.

15. The circuit as claimed in claim 1, wherein said pro-
grammable voltage-reference signal will be reset to an initial
value whenever said programmable power converter is pow-
ered on.



